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-a. Powerplant~pacity - 150,000 KW

b. Installation:2 -turbines and one conventionalturbine.

. ~ing requir~ts: 3,600cfs each at a dynamichead of 153
feet: The headsvary between137.5and 160 feet. The mininumtailwater
levelfor ~ing is Elev. 540 ft. m.s.l.

d. Generatingrequir~ts: The 3 units mst have an aggregate
dependablecapacityof 150,000W. The 3 unitsnust also be capableof
producing170,500W at a net head of 137.4 feet. The net heads vary
between 132.5 and 151.9 feet. The average (ratd) net head is 144.8
feet.

2. sELEcrIoNOF w-m-.

ReferenceFigure 2, ~ C to note that the r~ed
spec~~icspeed,N= for the 153 foot rated wing head has a value of
-t 4,000.

b. Referringto the tiel curves in Appendti D, selectthe design
shownon Figure~3 as the best choicefor this specificx.

At maxm efficiency,note the following: El = 87.4 percent,
Q1 ==;.57Cfs ti ~ = 1.15.

d. Calculate~:

3,600 =

()

1.57 b 2 (153)1/2
T

~ = 163 inches

e. Calculatespeed,N:

(153) ’/2 = 160 ~
163

N. 1838 (1.15)

f. The calculationof
synchronousspeed generally

the runner throat di-ter and associatd
requires an it~ative solution. Wer
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iterations are required-until the selected value for ~~ and as-iated
value of Q1 produce a value for DT which substituted in the speed

iequation, step e, yields a sync ronous speed. The following
approximationis us~tocalculate the next trialvalueof ~:

% = 1.15 ~= 1.176

The neces~ iterationsfor this case are as follows:

Step %% % N

1 1.150 1.57 163.4 160.0

2 1.176 1.65 159.4 167.8

3 1.160 1.59 162.4 162.4

4 1.165 1.61 161.3 164.2

5 1.162 1.60 161.8 163.2

The accuracyin reading the tiel test data does not allowa closer
determination of D

E
or N from step 5. Therefore, the solution

ificates ~ = 162 ches for N = 163.6rpfn.

9“ At &is point the user should tie a cursory examinationof the
wing efficienciesfor other heads with a view to, perhaps,changing
the speedto alterthe headafficiencycharacteristic.In this _le,
the followingrelationshipsare noted:

%=
163.6 (162) = 14.42

1838 (H)’/2 ~

H El

160.0 1.140 87.4

153.0 1.166 87.3

137.5 1.230 86.3

This relationshipis satisfatioryand the klance of the _le is
~letedontheksisof ~ = 162 i..nchesandN= 163.6~.
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h. Calculateefficienq step-up.

()
D 0.2

E2 = 100- (loo- EI) m
q

Wh=e, w. El = 88.5-cent (generating);Dm = 12 tithes;
Dp= 162 inches.

E2

()

= 100 - (100- 88.5) 12 0“2 = 93.2percent”
m

step-up= (2/3)(93.2,-88.5)= 3.1 percent

i. The expected-ing distige is calculatedto includethe effect
of the higherprototypeexpectd efficiencyas follows:

()162 2
Q2C= Q1 ~

(“]1/2‘2
Y

j. The requird -ing

Q2C \
‘HP=

550 E2

‘1

horsepoweris calculatedas follows:

k. The rqired settingof tie runner is controlled@ the ~
head-rein- tailwatercotiition. For maxinum head, OTH = 1.14 and
frunFigureFT3, ~ = 0.295.

Hb - ~ - Hs - safety
d= =

H

Referto Figure6, AppendtiC: For tailwaterElev. 540, Hk = 33.3 feet
and a watert~ature of 70° F., ~= 0.8 feet. “

safetymgin =

Referto Table 3, mix

0.2 Di + 0.4 Hi/2

C, notingthat D, = 1.154
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therefore,D1 = 1.154~ = 15.6feet
12

subs: safetymargin= 0.2 (15.6)+ 0.4 (160)1/2= 8.2 feet

The requird s*gence is calculatd as follows:

33.3 - 0.8 -Hs-8.2
0.295=

160

H~ = -22.9feet

The distance, a, between the bottom of the runner and the
distributorcenterlineis calculatd using the ratio,d, from Table 3,
~ C, as follows:

d = 0.385

a= 0.385(162/12)= 5.2 feet

The elevation of the distributor centerline is calculated as
follows:

Elev. = tailwaterElev.+ H~ + a

Elev. = 540 + (-22.9)+ 5.2 = 522.3ft. m.s.l.

1. The -d pqing performanceis as follows:

Head 137.5 145.0 153.0 160.0

% 1.230 1.198 1.166 1.140

Q1 1.82 1.72 1.62 1.53

El 86.3 86.8 87.3 87.4

Q2C 4,029 3,909 3,777 3,652

E2 89.4 89.9 90.4 90.5

HP 70,200 71,420 72,410 73,140
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3. ~mcYm.

a. The prototype-d perfo~ce is calculatedas follows:

%=
162 (163.6) 14.42

1838 (H)l/2==2

HP~ = HPl ()162 2
~ (H)3/2 = 182.25 (HPl) (H)3/2

550 HP2 HP2

Q2 = 62.3 (H) ~ = 8.828—
‘%

~ = El + 3.1 percent

Percent
Head ?rH gate HP, El HP2 Q2 %

132.5 1.253 100

90

80

70

60

137.4 1.230 100

90

80

70

60

145 1.198 100

90

0.204

0.198

0.185

0.164

0.140

0.203

0.198

0.187

0.166

0.143

0.202

0.197

83.3

84.6

83.9

80.9

76.0

83.5

85.0

84.7

82.1

78.0

83.6

85.2

E-7

56,710

55,040

51,420

45,590

38,920

59,590

58,120

54,890

48,730

41,970

64,280

62,690

4,375

4,180

3,940

3,615

3,280

4,420

4,240

4,015

3,675

3,325

4,515

4,320

86.4

87.7

87.0

84.0

79.1

86.6

88.1

87.8

85.2

81.1

86.7

88.3
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80 0.188 85.9 59,820 4,090

70 0.169 83.8 53,780 3,765

60 0.147 80.0 46,780 3,425

50 0.119 74.0 37,870 2,990

151.9 1.170 100 0.200 83.5 68,240 4,580

90 0.197 85.2 67,220 4,425

80 0.189 86.5 64,490 4,180

70 0.171 85.0 58,340 3,850

60 0.150 81.8 51,180 3,505

50 0.123 76.8 41,970 3,055

b. The ~ runawayspeedis calculatedas follows:

ReferFigurePI’3to note that ~ = 2.09

89.0

86.9

83.1

77.1

86.6

88.3

89.6

88.1

84.9

79.9

~= 1838 (2.09) (151.9 )1/2 =292~
162

. The guarant~ capacitiesat the 132.5 foot and 137.4 foot net
headcconditionsare calculatedat 98 percent of the 100 per-t gate
=pacities indicatedin *ve ~lation. The guarant~ capacitiesfor
the conventionalunit at thesetwo headsare as follows:

Kw Outpt = 0.98 (0.746)Eg HP2

m output= 0.98 (0.746)(0.97)HP2 = 0.709HP2

Head - feet 132.5 137.4

Plantoutput- Kw 150,000 170,500

-turbines - KW 80,400 84,500
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Conventional- KW 69,600 86,000

Conventional- HP 96,180 118,850

---~ 98,140 121,280

4. ~IONAL FRANCISTURBINE.

a. The relationshipfor Ns vs. Head shown on Figure 1, AppendixC
insures designs with moderate speeds and relatively shallow
submergence. In a mixed installation with pump-turbines and
mnventional turbines,the inh=ent deepers~gences r~ird of the
fo~ generallydictates a variationof this conservativeapproach.
This is necessaryto providea mre balancedequi~t layout- avoid
wggerat~ levels for the generator-mstorsand generators. For this
r=son the “K” valueus~ h Figure 1 is increasedto, say, a value of
800. The mrrespoding Ns for H = 144.8feet is 66.5.

b. Referringto the @el curves in AppendtiD, it my be noted
that the designsshownon FiguresF6 ti F7 are withinthe rangeof this
specificspeed. A corr@arisonof thesedesignsindicatesthat the fo~
has higherunitpowerwith att-t highermitical si~s, wher~s the
latterhas higher overallefficacies with lower criticalsi~s M
reducedunit PWW. The formerdesign,FigureF6, is selectd for the
following reasons. The higher unit power will result in a smaller
runner~oat diameterwith mnsequent roller physicaldimensionsof
the turbineto mre nearlyapproachthe physicaltisions of the ~
turbines. The higher critical sigmas require deeper sutiergences,
however,this is not inappropriatein view of the deep ~gen~ of
the Purrp-turbines.

c. The method for sizing this unit differs from the conventional
approachfor Rancis turbines. In this instance,the atput requiredat
the 137.4 feet critical net head dictates the size. This output is
associatedwith the fullgate capacityat a valueof ~ slightlyhigher
than the best ~ to be associatd with the averagehead of 144.8feet.
For the latterconditiona ftist value of o~ = 0.86 is chosen. The
correspotiingvalue for the 137.4fti head cotiitionis calculatd as
follows:

(-)~= 0.86 144.81/2=0.883
137.4

FrmFigure F6 for ~
is associated with the

= 0.883, the 100 percent gate HP = 0.29. This
required expected output of 121,280 HP to
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~lculate ~ as follow5:

121,280= 0.29 ~~2 (137.4)3/2”
\l-2j

d. Calculate

N=

= 193.4 inches

the e, as follows:

1838 (0.833) (137.4)’/2 = 98.4
193.4

R@ to nearestsynchronous_ = 100 P

This speed and the ~H calculated a~ve are first values of an
iterativesolutionsimilarto that describedin 2.f. of this -le.
The necessaryiterativestepsare as follows:

1 0.883 0.29 193.4 98.4

2 0.897 0.29 193.4 100

Round~ to 193.5 inches

e. fie expectedprototypemtput is calculatd as follows:

()= HPl 193.5W2 —
2 (H)3/2 = 260.02 (Wl) (H)3/2

12

f. The efficiency step-up is calculated, using the procedure
establishedin 2.h. of this _le, as follows:

HE2 = 100- (loo - 90) 1; So”z
.

E2 = 94.3 percent

step-up= (2/3) (94.3 - 90) = 2.9 percent

9“ The -ed dischargeis calculatd as follows:
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550 HP~ m~
= 8.828

~Q2=62.3 (H)E2

h. The guarant~ capacityrequird at the 137.4 feet critiml head is
118,850HP. The generatoroutputis 86,000KW. The generator-plate
ratingis 86,000KW at 0.95p.f. or 90,526WA. The turbineis designed
to mechanicallywiths~ operationat the generator~plate rating
at 1.0 p.f. or 125,100W. me turbinesettingis predi=ted on the
availabilityof 118,850HP at the criticaland higher h-ds. Although
the criticalhead conditionswill generallydictatethe sett~, it is
r~ed that otherconditionsbe checkedto assurethat the criti=l
sigmachara~eristicsof proposeddesignor unusualtailwaterconditions
do not alt= this no-l cticumstance.

i. The proceduredescribedin 2.k. of this _le is used to establish
the turbine setting. The dimensionless ratios for calculating the
dimensionsDi and a are obtainedfrom Table 1, ~ C. me results
of pertinentcalculationsare tabulatedas follows:

Net head, feet

T.W. elev.,ft.m.s.l.

HP

h

HP,

d=

Hb, f=t

q, feet

Di, feet

Safetywgin, feet

H~, feet

a, feet

137.4

550.8

118,850

0.898

0.284

0.245

33.3

0.8

14.2

7*5

-8.7

6.9

144.8

548.5

118,850

0.875

0.262

0.1830

33.3

0.8

14.2

7.7

-1.7

6.9

151.9

541.6

118,850

0.854

0.244

0.160

33.3

0.8

14.2

7.8

+0.4

6.9
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Dist.elev, ft. m.s.l. 549.0 553.7 548.9

j-

k. The

It is to be noted that the conditions at the critical and
~ headsdictatetit the ~ setting.

The ~ runaway_ is alculated as follows:

RmFigureF6, ~-= 1.671

k=
1838 (1.671) (151.9)’/2

193.5
= 195.6 ~

Head HP, El HP2 Q2 %

132.5 0.915 0.123

0.148

0.185

0.217

0.241

0.258

0.273

0.285

0.290

137.4 0.898 0.122

0.148

0.211

75

80

84

87

89

89

87

84

82.5

75

80

87

48,780

58,690

73,370

86,060

95,570

102,320

108,260

113,020

115,010

51,090

61,980

88,360

77.9 4,170

82.9 4,715

86.9 5,625

89.9 6,375

91.9 6,930

91.9 7,415

89.9 8,025

86.9 8,665

85.4 8,970

77.9 4,215

82.9 4,805

89.9 6,315
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0.235

0.259

0.274

0.285

144.8 0.875 0.120

0.146

0.174

0.203

0.227

0.260

0.273

151.9 0.854 0.119

0.144

0.170

0.197

0.219

0.239

0.246

89

89

87

84

75

80

84

87

89

89

87

75

80

84

87

89

90

90

98,410

108,460

114,740

119,350

54,370

66,150

78,830

91,970

102,840

117,790

123,680

57,930

70,100

82,750

95,900

106,610

116,340

119,750

91.9 6,880

91.9 7,585

89.9 8,200

86.9 8,825

77.9 4,255

82.9 4,865

86.9 5,530

89.9 6,235

91.9 6,825

91.9 7,815

89.9 8,390

77.9 4,320

82.9 4,915

86.9 5,535

89.9 6,200

91.9 6,740

92.9 7,280

92.9 7,490

5. PR~E D-IONS. The prototypedimensionsof the purrp-tu.rbines
can be calculated from the dimensionless ratios shown in Table 3.
Appendix C. Similar diwnsions for the Francis turbine can ~
calculatedfrm the ratiosshownin Table 1, ~ C.
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DESIGNw UI~ .

a. Powerplantcapacity: 65,000 W with 2 units.

b. Generatorrequirmts:

(1) Nmplate rating: 36,111KVA, 0.9pf., 32,500KW, 13.8KV
- 60 Hz.

(2) Must hdesigned for continuousoperationat ratedKVA,
voltage,p.f. - frequency.

c. Turbiner~ir~ts:

(1)

(2)

(3)
1.0p.f.).

Net heads: 78 fmt rated,60 foottitiand 100 fmt
~.

Require30,000HPguaranteedoutputat 60 footnet head.

Turbineoutputis limitedto 49,900HP (ratd KVA at

2. ‘IURBINE~ION.

. To utilizethe capabilityof a generatormatedwith a ftied
blad~propellerturbine,the turbineat or near bst efficiencyat rated
head &ould have an atput of
the generatorrating:

HP= 0.95 (32,500)
0.746 (0.97)

95 pcent of the horsepowerequivalentof

= 42,600

b. ReferenceFigure3, AppendtiC to note that the ratedhead
cofition and the wide head range for this unit dictatesa 6 blade
runner. The r~d ~ific _ at the 78 footratedhead is
calculatd as follows:

N5 = 1,000 = 113.2
(78) ’/2
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c. The - is calculatedas follows:

N=
113.2 (78)5/4 = ,27 ,

(42,600)’J2 “

R- to nearestsynchronousspeed= 128.6 rpm

Correcting = 114.5

d. For preliminarystudiesrequiring
runnerthroatdiarrket~,the following
used to calculatethe dimter:

only an apprbte speedand
~irical fomla for ~ may k

~= 0.089 (114.5)0”58= 1.391

%=
1838 (1.391) (78) ’/2 = ,75 6 tides

.
128.6

e. The appropriatetiel test curvesfor theseconditionsare shownon
FigureFB3. A curveof hst efficiencyis construed fromthe
followingdata taken fra the efficiencycontours:

h
HP,

The location
iteration. This

of
is

1.230 1.290 1.350 1.420 1.515

0.244 0.256 0.264 0.272 0.290

the designpointalongthis curveis det-ned @
a~lished by stiitut~ as-iated valuesof

HPl and ~ in the followingfornulafor specificx:

N~ = 153.17(~) (HP1)’/2= 114.5

The apprhte value~ = 1.391fran (d)tive is u- in tie
ftiststep of the iterativeprocessas follows:

% 1.391 1.440 1.430

HPl 0.2685 0.2745 0.2730

N~ 110.4 115”.6 114.5
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The designpoint is locatd at ~ = 1.430 and HPl = 0.2730. The
runnerthroatdiameterfor this preliminq selectionis =lculated as
follows:

f. It my
calculatd

42,600=

()

0.273 &2 (78)3/2
12

~ = 180.6inches

be notd from inspectionof FiqureFB3 that the desiqnmint
tive is locatd ~o the right&f &t The tiel effic~en~ at

this point is El = 87.9percent,which is lessthan the 88.4per-t
peak efficiency. The peak efficiencyat the ratd conditionscan be
*rovd by selectingthe n* lowersynchronousspeed,120 rpm, and
repeatinqthe iterativesolutionfor the new desiqnwint. The
calculationsand

N~ =

~lation of the it=ative step=tie as follows:

(42,000)
1/2

(120) = 106.8
(78)5/4

()Use firsttrial~ = 1.43 120 = 1.334
128.6

% 1.334 1.362 1.355

ml 0.2620 0.2650 0.2645

N~ 104.6 107.4 106.7

Calculatethe runnerthroatdiameter:

42,600=

()
0.2645%2 (78)3/2

T

~ = 183.5 inches

~“ The secondsel~ion mt&es the peak efficiencyof this desiqnto
& rated conditions. This is aql~shd
~ unit. At this point in the selection

E-19
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evaluatethe increasd &pital costsof
benefitsof the higherefficiency.The
on tie powerhousestructure,excavation
in the turbinesetting,generatorcost,
is arbitrarilyusd in the r~inder of

the larger unit against the
costs shouldincludethe effects
takinginto accountany change
. . . etc. The latterselection
this exarfple.

h. The tiel test curvesrrustbe *ed to assure
guarant- outputat 60 footminirrumnet head can be
pr~sd design. The necessary calculations in this
as follows:

~ = 120 (183.5) = 11.98 = , ~47

1838 (H) ’/2 (H)l/2 -

30,000 =

()

183.5 2 (60)3/2ml —
12

HPl = 0.2760

Referringto FigureFB3 at ~ = 1.547,note
(loopercent)outputis HP, = 0.3070.

that the 30,000 W
developed with the
determinationare

that the fullgate

percent

tie design
outputis at least

0.307
margin . —002~6 (100) = 111.2 percent

=ts the requir~t that the expectedfullgate
2 percentgreaterthan the guarantq output.

i. The prototypeexpectedperfomce is calculatedas follows:

()W2 —
2

= HPl 183.5 (H2)3/2 = 233.84 (i-iPI)(H2)3/2
12

,2 0.2

()
~ = 100- (100- 88.4)— = 93.3percent

183.5

step-up= (2/3)(93.3- 88.4)= 3.3 percent

Ec = El + 3.3 pcent
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550 W2 HP2
Q2 = 62.3 ECH2 = 8.828—

E= H2

H2 ?cH HPl El HP~ E= Q2

60 1.547 0.184

0.208

0.234

0.247

0.264

0.272

0.282

0.304

0.307

78 1.356 0.159

0.181

0.204

0.214

0.226

0.231

0.238

0.244

0.254

70

75

80

82

84

85

86

86

85

70

75

80

82

84

85

86

87

88

20,000

22,610

25,430

26,840

28,690

29,560

30,650

33,040

33,360

25,610

29,160

32,860

34,470

36,410

37,210

38,340

39,310

40,920

73.3 4,015

78.3 4,015

83.3 4,490

85.3 4,630

87.3 4,835

88.3 4,925

89.3 5,050

89.3 5,445

88.3 5,560

73.3 3,955

78.3 4,215

83.3 4,465

85.3 4,575

87.3 4,720

88.3 4,770

89.3 4,860

90.3 4,925

91.3 5,070
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H2 HF~ El HF~ Ec Q2

0.264

0.271

0.278

0.282

0.285

0.287

100 1.198 0.135

0.165

0.191

0.202

0.213

0.219

88.4

88

87

86

85

84.4

70

75

80

82

84

85

42,530

43,650

44,780

45,430

45,910

46,230

31,570

38,580

44,660

47,240

49,810

51,210

]0 The setting of the turbinede-s
and the relatedhead-tailwatercofitions.
pr~icated on the tailwaterlevelwith one

91.7

91.3

90.3

89.3

88.3

87.7

73.3

78.3

83.3

85.3

87.3

88.3

5,250

5,410

5,615

5,755

5,885

5,965

3,800

4,350

4,735

4,890

5.035

5,120

upon the outputrqirements
The settingis generally
unit ~atim. For this

tile it is ass~ that it is desiredto opera~ethe &it at
generatorratingand 0.9 p.f. underthe ratedand higherheads. The
mrrespondingturbineoutputis 44,500W. Mer noml cirmtances
the rated conditiondictatesthe setting. However,it is gocd practim
to checkthe utherhead renditionsto assurethat unusualsigma
characteristics or head-tailwaterrelationshipsdo not alterthis noml
circumstance. The outputrequtiementsat the lowerheadsare assumedto
vary directlywith the head betweenthe 44,500HF at 78 footd the
30,000HP guaranteedoutputat 60 foothead. The relation~ip ktween
tailwaterlevelh dischargeis linearktween the followingsetsof
titions:
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TailWaterElev.-ft.m.s.l. 543.0 545.7

Discharge- cfs 5,000 11,000
k. The followingstepsare requiredto establishthe turbinesettings
on the basisof the conditionsset forth*ve:

I

mom

E= =

Q2 .

‘ T.W.

233.84H3/2

Figure FB3, pick off &c W El

El + 3.3 percent

8.828 (HP2)

E= (H2)

Q2Elev. = _ + 540.75
2222

@c =Hb-~-H~-Safety

H2

Run Figure6, ~ C: Hb = 33.3 feet,~ = 0.8 f~t (70°F.)

safety= 0.2 ~+ 0.7 (H2)’/2

Distr.centerlineelev. = T.W. elev.+ Hs + a

a= (d)%

Referto Table 4 ti Figure5, ~C to noted = 0.365

a= 0.365 (183.5/12)= 5;6 feet
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%

HP~

HP,

El

c

E=

Q2

T.W. Elev.

Safety

H~

1.547

30,000

0.276

85.4

0.375

88.7

4,975

543.0

8.5

1.5

1.432

38,600

0.282

87.4

0.365

90.7

5,370

543.2

8.9

-2.0

1.356

44,500

0.276

87.3

0.385

90.6

5,560

543.3

9.2

-6.8

1.263

44,500

0.223

85.1

88.4

4,935

543.0

9.7

1.198

44,500

0.190

80.0

83.3

4,715

542.9

10.1

Distr.Elev. 550.1 546.8 542.1

1. AS generally-d, the ratd co~tions dictatethe turbine
setting. The HPl valuesshownin tive tilatim at the higherheads

H~~ ‘~~~v~e~dilnter
are well -low the rangeof si~ valuessh This is due to the
factthat HPl varieswith the inverseof .
levelsdo not vary substantiallyat the higherheads,the plant sigma
with the distrtitor set at Elevation542.1variesonly with the Inverse
of H @ sufficients~gence is assured.

m. The cavitationlimitsfor the higherheadscan te established
for the selectedsetting@ derivinga relationshipfor h termsof
head then enteringthe criticalsi~ curveson FigureFB3ctoesthte the
corre~nding valueof HPl. This procedureis as follows:

h= ‘“98

-c =

(H2)’/2

Hb - ~ - (Distr.El. - T.W. El. - a) - safety

H2
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Elev. 543, this

c=

known valuesand allowinga mnstant tailwater
equation~s:

35.9 - 0.7 (H2)’/2
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level at

H2

A s~ of the ~ outputlimitsis as follows:

H2 % c ml ~2

80 1.339 0.370 0.270 45,180

82 1.323 0.361 0.268 46,530

84 1.307 0.351 0.266 47,890

86 1.292 0.342 0.264 49,230

86.5 1.288 0.340 0.264 49,660

The limitingoutputof 49,500HF can & develcpedat 86.5 fxt and the
higherheadswithoutcavitation.

n. The prototype~ runaway~ is esthted as follows:

Refer

0. Asan

%

to FigureFB3 to nute that ~ = 2.765

~= 1838 (2.765)(100)1/2=277~
183.5

=ercise, the user my el~ to analme the -its of the
firstselectionwith N = 128.6 fi @

2
= lhO.6 inches. fiis will

f-liarize the user with the fornulas proceduresrequiredto
developthe necessarydata for a givendesign.

P- The prototypedimensionsof the principalparts and waterpassages
of the turbinecan be calculatedfranthe visionless ratiosshownin
Table 4 -h C.
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APP~IX E

=ION III

MSI’AELE BLADEPROPELLER~INE

S~ION PAGE
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1. DESIGN m~ :

a. PowerPlantcapacity: 69,000 KW with 2 units

b. Generatorrequir~ts:

(1) N-plate rating: 36,320KVA, 0.95p.f., 34,500KW, 13.8KV
and 60 hz.

(2)Must &designed for mntinuous operationat ratd ~Aat
ratd voltage,p.f. and frequency.

c. Turbinerequir~ts:

(1) Net heads: 70 footrated,53 fti mininunand 88 foot~.

(2) Requtie33,200HP guarant~ outputat 53 fmt net head.

(3) ~bine outputis limitd to 50,190HP (ratedKVA at 1.0p.f.)

(4)The settingrequiresa concrete~-spiral case.

2. TURBINE~ION.

a. The turbineoutput
mlculated as follows:

requiref3to matchthe generatorratingis

HP= 34,500
0.746 (0.97)

= 47,680

b. Referto Figure3, ~ C to note that the ratedhead rendition
and the wide head range for this unit dictatesa 6 bladerunner. The
r~d specific~ at the 70 fmt ratedhead is calculatedas
fOllows:

Ns = 1,100
,- = 131.5

(70)l/~

c. The speedis calculated

N=
131.5(70)5/4

(47,680)’/2

as follows:

= 121.9
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Round to nearests@chron~s _ = 120P

tirr~ed N~ = 129.5

d. For preliminarystudiesrequiringonly an a~rox-te speed@
runnerthroatdiameter,the following~irical fo-la for 0/\~ my be
u- to calculatethe diameter:

~ = 0.049 (129.5)0“695= 1.440

%=
1838 (1.440) (70) ‘/2

120
= 184.5 inches

e. The appropriatetiel test curvesfor thesecofitions are shownon
Figure K3, Appendti D. The designpoint for ratd conditionsis to be
l-ted alongthe on-cam32° bladeanglecurve. The l~tion of the
designpoint is determined@ iteration.~is is aqlished by
substitutingassociatd valuesof I-IF,and ~ h the followingfo-la
for specificspeed:

The
step of

Ns = 153.17 ~ (Wl)ljz

a~roxtite value~ = 1.440frand tive is used in the first
the iterativepr~ss as follows:

% 1.440 1.450 1.445

HPl 0.342 0.343 0.342

N~ 129.0 130.1 129.4

The designpoint is l~ted at ~ = 1.445 d HP = 0.342. The
1mer throat dimter for this prelixrunaryselection s calculatd as

fOllows:

47,680 =

()

0.342 % 2 (70) 3/2

T

~ = 185 inches
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f. fie locationof this designpointwith referenceto the extr~s in
M cotitions shouldbe checkedas follows:

@=
120 (185) = 12.08

1838 (H2)’/2 (H2)’/2

(HP2) (HP2)
ml =

(185/12) (H)23/2 = (237.67)3/2

(1) At the 53 footmininumhead a~a.nteed outputof 33,200HF is
requird:

% = 12”08 = ‘“659
G

Hpl = 33,200 = 0.362

237.67(53)3/2

Referto Five K3 at
(looperCent)HF, = 0.405

percentmargin=

~ = 1.659 to note that the fullgate

M (100)= 111.9 percent
0.362

The designmeetstie requir-t that the -d fullgate
outputis at least2 percentgreaterthan the guaranteedoutput.

(2) For the 88 foot~ head,checkthe efficienciesfor generator
ratd load:

~ = 12.08 = 1.288

(88) ’/2

Rated HP, = 47,680 = 0.243

237.67(88)3/2

FroinFigure K3, E = 88.1 percent
~is efficiencyis consh ed satisfadory.
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(3) Fran FigureK3 it lS notedthat the best ~ = 1.35,which
correspotisto a net head of 80.1 feet. At ~ efficiency,E =
89.6percent,the correspo~ingprototype-d outputis 32,3;0~. ~is
correspondsto tit 68 percentof generatorratd load.

. It is r~that alternatedesignsbe investigated
beforegmakinga finalsel~ion. In this instane the adjacent
synchronousspeeds,112.5and 128.6~. shouldbe investiqatd. The

of tils _le, however,will prti on the basi;of N = 120
~= 185 inches.

me prototypeexpectedperformanceis ~lculated as follows:

Hp2 = W, (185/12)2 = 237.67 HPl (H2)3/2

E2 = 100 - (loo- 89.6) (12/185)0”2= 94 percent

set-up=(2/3) (94.0-89.6) = 2.9pe.rcent

E= = El +2.9 per~t

550 HP2 *2
Q2 =

62.3 (Ec)H2
= 8.828—

E2 H2

H2 HP, El HP2 E=~

53 1.659 0.072 76 6,600 78.9 1,390

0.080 78 7,340 80.9 1,505

0.086 80 7,890 82.9 1,580

0.098 82 8,990 84.9 1,760

0.115 84 10,5s0 86.9 2,015

0.151 86 13,850 88.9 2,590

0.184 87 16,870 89.9 3,120
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H2 % HPl El HP~ E= Q2

0.276

0.298

0.327

0.352

0.372

70 1.444 0.058

0.063

0.070

0.078

0.091

0.110

0.124

0.145

0.158

0.173

0.233

0.249

0.271

0.302

0.324

0.355

87

86

84

82

80

76

78

80

82

84

86

87

88

88.5

89

89

88.5

88

87

86

84

25,310

27,330

29,990

32,280

34,110

8,070

8,770

9,740

10,860

12,670

15,310

17,260

20,180

21,990

24,080

32,430

34,660

37,720

42,040

45,100

49,410

89.9

88.9

86.9

84.9

82.9

78.9

80.9

82.9

84.9

86.9

88.9

89.9

90.9

91.4

91.9

91.9

91.4

90.0

89.9

88.9

86.9

4,680

5,110

5,735

6,320

6,840

1,285

1,385

1,480

1,610

1,835

2,165

2,415

2,795

3,030

3,300

4,440

4,770

5,220

5,885

6,385

7,155
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Hz % HPl El HP~ Ec Q2

88 1.288 0.060

0.069

0.082

0.101

0.115

0.134

0.144

0.158

0.190

0.218

0.232

0.245

0.270

80

82

84

86

87

88

88.5

89

89.5

89

88.5

88

87

11,770

13,540

16,090

19,820

22,560

26,290

28,250

31,000

37,280

42,770

45,520

48,070

52,970

82.9

84.9

86.9

88.9

89.9

90.9

91.4

91.9

92.4

91.9

91.4

90.9

89.9

1,420

1,595

1,855

2,230

2,510

2,895

3,095

3,375

4,040

4,660

4,985

5,290

5,900

h. The settingof the turbinedependsupon the outputrequir~ts
and the relatedhead-tailwatercodtions. The settingis gm-erally
prdicated on the tailwat~ levelwith one unit operating. For this
-le it is ass- that it iS desird to operate the unit at the
generatorrating of 0.95 p.f. under the rated and higher heads. The
correspondingturbineoutput is 47,680HP. Under nom-al cir~tances
the rated renditiondictatesthe setting. However, it is gti practice
to check the other head conditions to assure that unusual sigma
characteristicsor head-tailwaterrelationshipsdo not alterthis noml
circUlnstance. The outputrequir~ts at the lower heads are assd to
w tiectly with the head betweenthe 47,680 HP at 70 fmt @ the
33,200 HP guarant- output at 53 foot head. The relationshipbetween
tailwaterlevel and dischargeis linearbetweenthe followingsets of
m@tions:
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Tailwater Elev.-ft. m.s.l. 500.0 543.5

Dihge- cfs 5,000 11,000

i. The followingstepsare requiredto
settingson the &sis of the-conditionsset

.
?L’H=$

establishthe turbine
forthtive:

HP~
WI =

237.67 (H2)3/2

Rcm FigureK3, pick off d= and El for -ve ~ and HPl values.

E= = El + 2.9percent

HP2
Q2 = 8.828 —

E= H2

Q2
T.W. Elev. = —

1714
+ 537.1

Hb-Hv-Hs-safety
tic=

H2

FroinFigure6, ~C: Hb = 33.3 feet,Hv = 0.8 feet (700F.)

safety= 0.2 ~ + 0.7 (H2)1/2

Distrtitor centerlineElevation= T.W. Elevation+ Hs + a

a= (d) ~
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Refer Table4 and Figure5, ~ C to notetit d = 0.368

a = 0.368(185/12) = 5.7 feet

Referto FigureS9 for valuesof criticalrunnersi~.

H2

%

HP2

HP,

El

c

E=

Q2

T.W. Elev.

Safety

Hs

Dist.r.Elev.

53

1.659

33,200

0.362

81.0

0.880

83.9

6,590

540.9

8.2

-22.3

524.3

62

1.534

40,870

0.352

83.6

0.780

86.5

6,730

541.0

8.6

-24.5

522.3

70

1.444

47,680

0.342

84.7

0.725

87.6

6,860

541.1

9.0

-27.2

519.6

80

1.351

47,680

0.280

87.3

0.475

90.2

5,830

540.5

9.4

-14.9

531.3

88

1.288

47,680

0.243

88.2

0.375

91.1

5,250

540.2

9.7

-10.2

535.7

j= * generally~ed, the rated cotitions dictate the turbine
set

ij~
This is due to the factthatHPl varieswiththe tive.rseof

(H) .“ Sincethe tailwaterlevelsdo nd vary s~tially at the
higherheads,the plantsix withthe distrtitor set at Elev.519.6
variesonlywith the inverseof H d sufficientstigence is assurd.

k. The invitationl~ts forthe higherheadscan be establishedfor
the selectedsetting~deriv~ a relationshipor ticin termsof head,
then enteringthe =itical si~ mes on Figure S9 toest-te the
corre~ valueof HPl Thisprocedureis as follows:
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%= ‘2”08
(H2)’/2

u= .
Hb - ~ (Distr. El. - T.W. El. -a) - safety

H2

By substitutingknownvaluesand allowinga constanttailwater
levelat Elev. 540,this equationk-s:

d= .
56 - 0.7 (H2)’/2

Ha

A s~ of the Hirtu.lmoutputlimitsis as follows:

72 1.424 0.695 0.337 48,930

72 1.404 0.675 0.332 50,230

The limiting outputof 50,190~ can be devel~ at 74 feetand the higher
headswithoutcavitationwithdistr~tor centerlineElev. 519.6.

1. The prototypedtisions of the principalpartsand water
passagaesof the turbinescan k calculatd franthe dimensionless
ratiosshownin Table 4, ~ C.
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